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INTRODUCTION 
Living organisms are characterized by continuous fluctuations 
of the many regulatory systems at each organizational level which 
thereby maintain a mean physiologic state. These changes may be 
aperiodic, occuring in response to an isolated event, or they may 
be at regular intervals. The predictable rhythms allow organisms to 
successfully adapt to regular fluctuations in their environment. 
Biorhythms which are correlated with environmental periodicities 
such as ocean tides, months, years, and/or days are characterized 
by relatively fixed periods and are resistant to frequency change. 
Although some of these rhythms appear to be exogenous, responding 
directly to such environmental cues as light with its 24-hour period, 
monthly moonlight variations, annual variations relative to the day/ 
night length ratio, and ocean tides; many responses appear to be 
endogenous. These rhythms persist, when all obvious cues such as 
light and temperature variations are lacking. The timing system 
regulating these rhythms is essentially unaffected by temperature 
change over & wide range or by most common drugs affecting metabolic 
rate. Although the rhythm amplitude is often depressed or abolished, 
in most instances it is not possible to change the period length 
of the free running rhythm with drugs or chemicals. 
Organisms as diverse as beans, fruitflies, chicks and rats 
grown or reared from seeds or eggs under conditions of constant 
light and temperature display circadian rhythms or such rhythms 
may be induced by a single brief light or temperature stimulus 
which in itself, conveys no information regarding period length. 
These rhythms persist after translocation to other time zones if 
shielded from local cycles. To rephase to local conditions takes 
several days of exposure to the local environmental phase-setting 
factors (Brown, 1974). 
The adaptive significance of such a biologic clock is readily 
apparent. A dependable frame of reference is thereby provided, 
allowing organisms to maximally adapt to their rhythmically 
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fluctuating environment by anticipating and preparing for favorable 
and unfavorable times of the day, month and year. It further allows 
for maximal exploitation of the environment by allowing organisms 
which share the same habitat to be active at differing times, 
thereby avoiding possible areas of conflict. 
This study was undertaken to expand the currently available 
knowledge concerning a possible mechanism for organismic responsive-
ness to magnetic field and its relation to the operation of the 
biological clock. With the rapid technological developments 
currently altering our environment and our continued reliance 
upon equipment which may produce electromagnetic fields, it becomes 
of increasing importance to clarify the nature of the interaction 
between organisms and magnetic fields. 
2 
REVIEW OF RELATED LITERATURE 
The nature of the biologic clock has never been directly studied; 
rather the biochemical, physiologic and behavioral processes which 
are timed by the clock have been investigated (Brown, 1974). There 
is no way to readily distinguish the biochemical reactions which 
may be a part of the clock from those which are timed by the clock. 
There have been two defensible but opposing views concerning the 
underlying nature of the biological clock and, to date, neither 
possibility has been definitively eliminated. One of the two 
major hypotheses is that the clocks are autonomous physico-chemical 
cellular mechanisms, as proposed by Van der Driessche (1975); 
Njus, Sulzman and Hastings (1974); and Ehret and Trucco (1967). 
The alternative viewpoint promulgated chiefly by Brown (1976) is that 
the clocks are dependent on continuous organismic environmental 
interaction, so that the rhythmic nature does not depend on the 
capacity to measure absolute time but on the capacity to recognize 
the passage of time only with reference to the natural rhythmic 
geophysical fluctuations. 
The internal clock theories suggest that organisms have the 
ability to oscillate without any external cues at approximately the 
same frequencies as major natural environmental rhythms. The 
clocks' period lengths are almost never exactly 24 hours, giving 
rise to the term circadian (L. circa, about; diem, day), as 
reflected by the free-running period expressed in the absence of 
all obvious phase-setting stimuli. According to this approach, 
periods within the organisms which correlate exactly with solar-
day, tidal, monthly and annual periodicities result from entrainment, 
synchronization, or day-to-day resetting of the internally-timed 
biorhythms by environmental cycles such as photoperiods and those 
of temperature. The period lengths are determined genetically and 
closely approximate natural environmental periods as a result of 
natural selection. 
There are several proposed model systems for the internal 
clock theory which have received support. One model proposed by 
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Ehret and Tucco (1967), is rooted in chromosomes which are 
polycistronic with the transcription rate limited by some functions 
of eukaryotic organization that are relatively temperature 
independent. The major postulated properties of the chronon model 
are that chronons are unidirectionally, linearly and sequentially 
transcribed; the starting and stopping points of transcription 
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exist at the beginning and end of each chronon, as well as between 
cistrons; and a given cistron starts transcription as a consequence 
of the transcription of an earlier cistron and a post-transcriptional 
event. It has been shown however that anucleate Acetabularia can 
be easily obtained and kept up to 4 or 5 weeks with the rhythm 
remaining unaltered for extended periods of time (Sweeney and Haxo, 
1961; Richter, 1963; Schweiger, Wahraff and Schweiger 1964; Vanden 
Driessche, 1966; cited by Vanden Driessche, 1975). In addition, 
circadian rhythms are not affected by many nucleic acid and protein 
synthesis inhibitors, making it unlikely that the chromosomes are 
the site of the proposed clock mechanism (Brown, 1976; Njus, Sulzman, 
Hasting, 1974). 
Other proposed models conceive of the clock as a biochemical 
network with the oscillation arising from feedback within the 
biochemical system. These models all rely on membranes as an 
integral part of the system to varying degrees. Several 
substances are known to affect biorhythms; ethanol, theophyllin, and 
digitonin increase or decrease the period of the rhythms in 
constant conditions and heavy water also increases the period. 
These substances' common denominator is action on membranes. 
The effects of valinomycin are more conclusive since it specifically 
acts on membrane permeability and interferes with the transport 
of potassium ions (Vanden Driessche, 1975). 
One such model assumes that two small nonprotein molecules 
migrate from the organelles to the cytoplasm and vice versa, 
generating circadian oscillations due to the change in their 
intracellular distribution. It is theorized that molecules X, 
which are unstable, are inside the organelles for which they have 
great affinity. These molecules then induce the synthesis of Y 
molecules within the organelles. The X molecules then make the 
membrane impermeable to both X and Y. 
Sirtce X molecules are not stable, their concentration 
decreases, thus increasing membrane permeability. The Y molecules 
then diffuse into the cytoplasm where they induce the synthesis 
of X molecules. The newly synthesized molecules then accumulate 
within the organelles, thus completing the cycle. 
This model explains the light effects since light does 
modify the properties of the membranes of Acetabularia. 
The main drawback to this theory is that no molecules which could 
function as X and Y are known (Vanden Driessche, 1975). 
The membrane model of Njus, Sulzman, and Hastings (1974) 
is based primarily on the role of ions in membranes and the im-
portance of the lipid component of cell membranes. It is proposed 
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that biorhythms are regulated by the oscillation of ion concentrations. 
In this model, the circadian change in membrane transport activity 
may involve the migration of membrane-intercalated particles within 
the plane of the membrane, and the accurate timekeeping 
accounted for by time-dependent cooperative phenomena involved 
in this movement. 
The experiments with valinonycin seem to indicate that 
potassium ions may be specifically implicated, since depending 
on the time at which valinomycin is introduced to Phaseolus 
different phase shifts are observed, and the phase response curve 
which is obtained is similar to the phase response curve obtained 
for wilting. Both these processes involve permeability (Bunning 
and Moser, 1972). 
It is proposed that photosensitive ion gates, as in visual 
systems and plant phytochromes, or a remote photoreceptor acting 
via hormonal coupling provide coupling between external agents and 
-+ the oscillator since they regulate the K flux. A feedback system 
involving ions and ion transport generates self-sustained limit 
cycle oscillations, with transport systems controlling ion 
concentration gradients, which in turn, regulate ion transport. 
The oscillation in ion concentrations then govern the expression 
of the observed rhythmic occurences. The proposed manner in which 
the ion gradients control ion transport is by controlling the 
distribution of molecular components of the membrane, and due to 
the lipid bilayer, this could be a slow process, accounting for 
the long period (in biochemical terms) of such rhythms. The lipid 
bilayer could also account for the temperature compensation effect, 
as it is known to maintain a definite fluidity independent of 
temperature (Njus, Sulzman and Hastings, 1974; Njus, Gooch, 
Mergenhagen, Sulzman and Hastings, 1976). 
A cybernetic theory has been derived from mathematical 
models proposed by Pavlidis (cited by Vanden Driessche, 1975). 
In this system, a population of interacting oscillators results 
in a general period much greater than the individual periods of 
the various oscillations, with a strong inhibitory coupling between 
oscillators. The biochemical oscillations arise from instabilities 
due to temporary depletion or lowered levels of some metabolite or 
factor within a cell compartment. Oscillations are coupled--either 
directly or indirectly by means of interactions with membranes. 
Membranes, in this model, are assumed to have a dual function. Com-
partmentalization allows some metabolites or ions to reach some 
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low or high threshold value level at which the biochemical oscillations 
arise. In addition, certain enzymes are part of the membrane and 
have variable activity depending on the concentration of ions or 
other factors. Membranes could also be the coupling agents between 
oscillations from different compartments and eventually shift the 
phase. 
The external clock theory proposes that the periods are con-
tinuously derived from subtle natural geophysical rhythms. This 
point of view proposes that the basic clocks are not the inaccurate 
circadian, circa-tidal, circa-monthly, and circa-annual biologic 
ones; but the accurate solar day (24.0 hours), sidereal day (24.8 
hours), lunar month (29.5 days) and solar year (365.25 days) 
geophysical ones. These biorhythms would then not require continuous 
correction by the variations of a Zeitgeber (phase-setter). The 
Zeitgeber would determine only phase rather than period. 
According to this proposal, the free-running period which 
results when an organism is placed under constant conditions 
relative to the major phasing factors, such as light and temperature, 
can be explained by phase shifts resulting from the constant 
Zeitgeber acting at different points on the response curve (a 
graphic description of the variation in character and effectiveness 
of a phase-setting stimulus throughout the course of a clock-timed 
rhythmic period). Under normal conditions there is a rhythmic 
variation of organismic susceptibility to resetting factors, in 
that a light change near the beginning of the activity period of 
a biological cycle slightly advances the phase of the cycle to an 
earlier time of day, and a comparable light change near the end of 
the cycle delays the cycle. Response curves have a common general 
form, but each individual organism has its own particular modification 
of the curve. The external timer hypothesis explains the variety of 
period lengths that exist among individuals of a given population by 
the varying response curves to a clock with a single period, and 
proposes that the alteration of period length by substances such 
as deuterium oxide is explained as an effect which determines or 
modifies the reponse curve. The self-resetting which occurs in 
the absence of the normal Zeitgeber is called autophasing. 
In terms of this theory, the continuing accuracy of the clocks 
during extensive geographical translocation requires the:existence of 
a universal-time geophysical variable or organismic shifts of phase 
relative to an abruptly shifted period-giving environmental cycle 
(Brown, 1974). 
Relative to the amount of credence given both these approaches 
through the years, the external time hypothesis was supported in 1898 
by the chemist Svante Arrhenius, in 1907 by the plant physiologist 
W. Pfeffer, and since the 1950's by F.A. Brown, Jr. Pfeffer, however, 
in 1915 concluded that each organism must independently contain its 
own timer for its rhythms, due primarily to the observed individual 
free-running periods which were evident under constant conditions 
of light and temperature. This view has dominated the field, 
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up to and including the present, although there was an important 
discovery in the late 1950s that there was continuous interaction 
between organisms and electromagnetic fields at strength levels 
deemed theoretically impossible. This meant that the constant 
conditions under which the organisms were kept, while exhibiting 
free-running periods were not constant with respect to subtle, 
pervasive geophysical factors to which the organisms may have been 
responding (Brown, 1976). 
The earth is a large magnet with its south pole close to 
the geographic north pole and its north pole close to the geographic 
south pole. The field has a mean strength of .5 Oe and varies in 
both direction and intensity. The field has both diurnal and 
lunar monthly periodicity, with larger variations which occur during 
sporadic magnetic storms (Barnothy and Barnothy, 1974). 
Electromagnetic-field perception by fishes was demonstrated 
by Lissman and Machin in 1958, and this finding was followed-up 
by Brown from 1959 onward (Brown, 1976). Brown found in 1960 
and 1961 that the marine mudsnail, Nassarius obsoletus was_~apable 
of perceiving small changes in strength, as well as direction, of the 
horizontal component of a magnetic field which was close in strength 
to that of the earth's magnetic field. This response was rhythmic 
in nature, governed by the solar and lunar day clocks as well as 
by a synodic monthly one. A similar study was conducted (1962) 
on planarians and paramecia to determine whether such responses 
were widespread biologically. It was found that the orientational 
response of the planarian undergoes a monthly fluctuation; that 
the monthly rhythm is modified by a magnetic field in the range of 
.17 to 10 gauss; that Dugesia differentiates between a horizontal 
field which is parallel or perpendicular to the long axis of the 
body; that the response alters its character in passing from a field 
which is close to the earth's strength to one as small as 
10 gauss; and that the protozoan Paramecium also responds to very 
weak magnetic fields. J.D. Palmer (1963) extended similar 
investigations to the green alga, Volvox aureus, on the assumption 
that if such a response were present in an evolutionarily simple 
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organisms, it would suggest that the reaction was of a primitive 
and deeply seated nature. Palmer found that Volvox was capable of 
perceiving a 5 gauss magnetic field as well as distinguishing 
different directions of magnetic lines of force. 
In addition to orientation responses to magnetic fields 
noted during this time, Brown also noted a correlation between 
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the metabolic rate of mud snails kept under apparently constant 
conditions and changes in naturally occurring geomagnetic activity 
(Barnwell and Brown, 1964). It was also found that the maximum 
responsiveness of the snail, Nassarius, to a change in the horizontal 
vector of geomagnetism occurs when the artificial field deviates 
least in strength from the earth's naturally occurring one. This 
suggests that the receptor mechanism of organisms for very weak 
magnetic fields is adaptive. An after effect from the artificial 
magnetic field which persisted for several minutes was also noted 
(Brown, Barnwell, Webb, 1964). 
Brown then demonstrated in 1965, a clear relationship between 
organismic perceptions of time and space, when he found that a 
180° shift in the direction of the horizontal vector of magnetism 
created a 180° shift in the phase of the monthly orientation rhythm. 
This was the first specific piece of experimental evidence for the 
suggested common denominator for the biological clock and biological 
compass mechanism (Brown and Park, 1965). 
During the late 1960s and early 1970s it was discovered that 
a lunar periodic component was present in the bior:hY:thms ·.of 
hamsters, although there was no obvious role for such a component 
in a non-marine animal, even when shielded from any obvious lunar 
cues. It was concluded that the hamsters had been influenced 
by subtle pervasive geophysical forces which had not been screened. 
In addition, a lunar periodism in the rate of water uptake in the 
bean, Phaseolus, was found which was similarly manifested in beans 
at widely different locations. It was also noted that organisms 
which were close to each other tended to affect their neighbors' 
rhythms in both positive and negative correlations. The connection 
between the biological clock and biological compass system was 
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further promoted by the finding that magnetic information seemed 
to play a role in the navigation system used by homing pigeons. 
Further evidence of the adaptive role of magnetic responsiveness 
was provided by the findings of nonequivalent reactions to rotating 
magnetic fields which were going in opposite directions, since this 
could relate to the omnimpresent rotating and sun-orbiting surroundings 
(Brown and Park,1967; Brown and Chow, 1973; Keeton, 1974; Brown and 
Chow, 1975). 
In addition to the monthly rhythm noted in responsiveness of 
organisms to very weak magnetic fields, an annual modulation was 
demonstrated, with a maximal monthly variable occuring in December 
and minimal variations being manifested in April (Brown and Park, 
1975). 
OBJECTIVES OF THE PROJECT 
This study was undertaken with the purpose of extending 
the apparently universal response of eukaryotic organisms to 
magnetic fields of a strength close to that of the earth's, to the 
monogonont rotifer Asplanchna brightwelli,which displays the 
phenomenon of eutely and is the first organism of this type to be 
studied with respect to magnetic fields, and investigating the 
underlying mechanism for such a response. In pursuing the receptor 
site for magnetic fields, two aspects were considered. 
The action of several drugs which affect ion movement within 
membranes on circadian rhythms implicated membrane permeability as 
a possible factor in the response of organisms to their electromagnetic 
environment. The cell membrane model for circadian systems also 
supported the possibility of the endogenous contribution by ion 
fluxes in the membrane to a clock/compass system which is timed by 
the periodic magnetic processes within the envrionment. It was 
also considered likely that electromagnetic fields would affect 
spatially ordered systems, such as membranes, and their surrounding 
charge distributions. 
Transport processes within biological membranes regulate 
cell volume and maintain th.e intracellular pH and ionic composition; 
extract and concentrate metabolic fuels and building blocks and 
expel toxic substances; and generate ionic gradients. The 
polypeptide valinomycin is a repeating cyclic molecule consisting 
of repeating units of L-lactate, L-valine, D-hydroxyisovalerate, 
and D-valine residues (See figure 1). The residues are alternately 
joined by ester and peptide bonds. Transport antibiotics make 
membranes permeable to ions by either forming channels traversing the 
membranes or by carrying the ions through the membrane. Valinomycin 
is shaped much like a doughnut, with 6 oxygen atoms surrounding the 
central cavity, forming the binding site for the ion to be transferred, 
while the hydrocarbon periphery makes the ion-antibiotic complex 
soluble in the lipid bilayer of the membrane. Valinomycin is 
highly selective for potassium ions (Fox, 1972). It has been 
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FIGURE 1. Valinomycin A=L-Lactate, B=L-Valine, 
C=D-Hydroxyisovalerate, D=D-Valine 
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suggested that valinomycin diffuses through the membcane by 
provoking a perturbation in the palisade arrangement of lipid 
molecules, based on studies realtive to increased fluorescence 
energy transfer across lipid bilayers (Bessette and Seifert, 1975). 
With these points in mind, it was determined to investigate 
the effect of valinomycin on the orientational response of rotifers 
to a weak magnetic field. If a difference was noted in the reaction 
of animals which had been maintained in culture media containing 
sub-lethal doses of valinomycin, it would provide further evidence 
for the implication of the ion transport system within membranes 
as the receptor site for electromagnetism and as the biological 
oscillators involved in the clock. 
It was further determined to investigate the relationship 
between the system being studied and the age of the organism. 
Within the last few decades, several age-related studies have been 
conducted with rotifers, and basic age changes -have been found in 
bdelloid rotifers relative to the rate of protein and RNA synthesis 
as well as the ultrastructure and histochemistry of internal organs 
(Meadow, 1967; Herold and Meadow, 1970). If a correlation between 
rotifer age and response to a magnetic field could be shown, further 
insight would be provided both into the mechanics of senescence and 
into the receptor mechanism responsible for the biological effects 
of magnetic fields. 
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ADVANTAGES OF A MONOGONONT ROTIFER AS AN EXPERIMENTAL ANIMAL 
Rotifers are acquatic micrometazoans which possess digestive, 
reproductive, excretory, muscular and nervous systems. They are 
pseudocoelomates and members of the phylum Aschelminthes. The 
Class Rotifera is divided into 3 orders: Monogononta; Bdelloidea; 
and Seisonidea. Monogonont rotifers possess several characteristics 
which suited them for this study (Birky, 1967). These include 
facultative parthenogenic reproduction and cloning ability, a 
short generation time, eutelic post-mitotic condition, and 
known culture techniques. 
Asplanchna brightwelli was chosen because of its relatively 
large size(the length of an adult female ranges from 350 to 1,000 
microns), because it lacks a foot and is completely free swimming 
(Birky, 1964), and due to its short life span. 
Since Asplanchna do, under the proper environmental conditions, 
reproduce parthenogenically, all the members of a clone will be 
essentially identical genetically and any genetic influences relative 
to aging and/or responsiveness to a magnetic field will be constant 
throughout the study. 
The short lifespan of these animals (4 to 5 days) was an 
advantage for the studies relative to the varying age groups. 
Since mitotic activity in the rotifer ends during embryonic 
development, most of the nuclei in an adult animal are of a similar 
age. It is possible that fundamental differences exist in the 
aging characteristics of tissue in which lost cells can be replaced 
and those in which it cannot. Mammalian organs usually contain 
mixtures of cell types which can and cannot divide, but this 
variable is eliminated in the rotifer (Meadow, 1967). 
The free-swimming nature of Asplanchna was mandatory, in 
order to observe the orientation upon leaving the corral. Had the 
organism been capable of attaching to the surface of the container, 
such observations would not have been possible. 
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MATERIAL AND METHODS 
The organism used in this study was the monogonont rotifer, 
Asplanchna brightwelli. The original culture of Clone 4B61, was 
graciously supplied by Dr. John J. Gilbert of Dartmouth College. 
Materials 
A stereoscopic microscope with a magnification of approximately 
lOX was used for observing the orientation of the animals and for 
the transfer of single animals. 
Individual rotifers were grown in thick Pyrex triple depres-
sion slides with the sides ground for labeling, and larger cultures 
were maintained in 25 ml Erlenmyer flasks. All glassware used for 
cultures was autoclaved prior to initial use, washed thoroughly 
between uses, and used for no other purpose. In washing, the 
glassware was rinsed a mini-um of 3 times in tap water and 5 times 
in distilled water. 
Disposable Pasteur and micropipettes (25 microliter) were used 
for the handling and transferring of groups and single animals 
respectively. All equipment used, with the exception of the stereo-
microscope, was kept under the hood with an ultraviolet lamp, and 
transfer of bacteria, paramecia, and groups of rotifers took 
place under the hood. 
Culture Media 
The culture medium consisted basically of a two day old culture 
of Paramecium aurelia grown on Enterobacter aerogenes in an infusion 
of Cerophyl (Sonneborn, 1950; Birky, 1964) and a saline solution 
(Gilbert, 1968). 
The Enterobacter aerogenes, supplied by Carolina Biological 
Supply Company, was maintained at 30° C. in the dark on nutrient 
agar slants and transferred to fresh media every other day. 
A liter of Cerophyl extract was prepared by adding .76 g 
of Na2HP04•7H2o to 100 ml of distilled water and boiling the 
solution. 1.5 g of Cerophyl, obtained from Cerophyl laboratories 
Inc., Kansas City, Mo. 64112, was subsequently added and the mixture 
was boiled for five minutes. The resultant broth was then filtered 
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and turn to cannibalism (Birky, 1967). Cultures were fed every two 
days by pouring the culture into 15 ml centrifuge tubes and chilling 
on ice for a period of 5 to 10 minutes. At this temperature 
(approximately 4°C) the animals swim sluggishly and settle to the 
bottom. To insure recovery of all the rotifers, the chilled culture 
was then centrifuged at half speed for approximately 2 minutes, and 
the animals transferred with a Pasteur pipette to fresh culture 
medium containing concentrated paramecia. 
Isolation cultures were maintained by placing individual 
females in thick Pyrex triple depression slides with micropipettes. 
Slid cultures were kept under finger bowls to avoid evaporation, as 
each depression only contained from .5 to 1 ml of culture medium. 
The progeny of each individual were transferred to individual 
slide depressions daily, and labelled as to age. 
The culture for use in the portion of the experiment 
using valinomycin were maintained in the same manner as described 
in preceding paragraphs for stock cultures, with the only difference 
being the addition of valinomycin to the saline solution at a 
-6 
concentration of 1 x 10 g per liter. 
As can be seen in the outlined life cycle of a monogonont 
rotifer (See figure 2) two types of females are founa in most 
species, including As.E.!_anc~na bri~htwelli. The two types, mictic 
and amictic, can be distinguished readily only if they lay fertilized 
eggs or bear older embryos whose sex can be recognized. An equational 
maturation division, similar to mitosis, in undergone in the maturing 
oocytes of an amictic female, so that the resulting ovum is diploid 
and genetically identical to its parent. These embryos develop 
by diploid parthenogenesis into adult diploid females. This type of 
reproduction can be repeated indefinitely, with the result of large 
clones of females. 
An addition of o<-tocopherol to the diet in threshold amounts 
cause some offspring to develop as mictic females. Mictic females 
produce haploid eggs, as the maturing oocytes undergo typical meiosis. 
If the eggs are not fertilized, they develop parthenogenically into 
haploid males, which are relatively small, lack a digestive system, 
and produce sperm by a single equationa~ maturation division. 
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FIGURE 2. Life cycle of the monogonont rotifers. Mitosis and 
meiosis refer to the oocyte maturation divisions in amicitic and 
mictic females (Birky, 1964). 
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If the haploid eggs are fertilized, they become diploid zygotes 
with thick shells, which are called resting eggs. Resting eggs 
always develop into amictic females (Birky, 1967; Birky and Gilbert, 
1971). 
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Cultures of Asplanchna brightwelli which are cultured in the 
manner described in preceding paragraphs usually consist predominantly 
or entirely of amictic females, which in the experiment described 
herein was the desired result. Occasionally, however, such cultures 
produce mictic females for unknown reasons. It was theorized that 
in this particular case, the cause may have been threshold concen-
trations of vitamin E in the Cerophyl. It is possible to maintain 
pure clones even in the presence of bisexual reproduction by frequent 
transfers of the animals to fresh media, since resting eggs settle 
to the bottom of culture containers and lie dormant for a minimum 
of one day before hatching (Birky, 1967). In addition to this 
procedure, any males which were observed were immediately discarded. 
Determining Orientational Response in a Magnetic Field 
The phenomenon of magnetism, like that of light, cannot be 
defined; rather its affects may be observed. A magnetic field 
is characterized by a region surrounding a magnetized body which 
is capable of inducing magnetism in other bodies. Phenomena which 
occur due to magnetic fields are of vector character. Although 
magnetic and electric fields are closely related and a magnetic field 
is always corollary to an electric current, a single magnetic pole 
cannot be isolated as can an electrical charge. North and South 
poles are always attached. A unit pole is defined as one that 
will repel an equal and similar pole one cm away in a vacuum with 
a force of one dyne, and strength is measured by the number of unit 
poles. The cgs unit of field intensity is the oersted (Oe) defined 
as that field that exerts a force of 1 dyne on unit magnetic pole. 
Although it is co~only done, it is not correct to express field 
intensity in gauss units, as that is a measure of magnetic induction. 
In a vacuum and very nearly in air, however, a magnetic induction of 
1 gauss is numerically equal to a field intensity of 1 Oe. With 
that in mind, this paper will use the 2 terms interchangeably. 
There are three basic types of magnetism known, the first 
being diamagnetism, which occurs when the intensity of magnetization 
induced in a body by a field is less than that produced by the same 
field in a vacuum, resulting in slight repulsion. Practically all 
organic and inorganic compounds with the exception of free radicals 
and compounds of transition elements are diamagnetic in nature. 
This phenomenon is caused by the orbital motion of electrons, and 
is most perceptible when electrons are paired. 
Parmagnetism occurs when the intensity of induced magnetization 
is greater in the substance than in a vacuum, and occurs among 
transition elements. All substances actually have underlying 
diamagnetism, but the magnitude of paramagnetism when it occurs is 
so great in comparison, that it masks the underlying diarnagnetism. 
This phenomenon is caused by the spin and orbital momentum of 
unpaired electrons. 
Ferromagnetism is similar to paramagnetism in that the 
substance is attracted to an applied field, but the forces of 
attraction are much higher. This effect is caused by a lattice of 
particles with parallel spins in such metals as iron, cobalt, nickel 
and alloys of these metals. 
It has been assumed, that the mechanism of biomagnetic effects 
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is a physical phenomenom induced at the molecular or atomic level, with 
the main causes being orientation of dia- or paramagnetic molecules 
by the applied field, distortions of valence angles in molecules or 
orientation of the spin of molecules in the induced field. Proteins 
are macromolecules which are usually diamagnetic with axial symmetry, 
however, in a protein solution in a uniform magnetic field a strength 
of 104 to 105 Oe would be required to effect the orientation of 
all the macromolec~les. It is possible that cohesive forces between 
molecules could lead to short-range ordering, so that an effect 
could be shown at 100 Oe, and effects at thousands of Oe could 
be produced by the orientation of the magnetic moments of unpaired 
electrons in free radicals. Most authors, proceeding from theoretical 
arguments and calculations based on microscopic and macroscopic 
concepts conclude that biomagnetic effects are possible only with field 
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intensities of thousands of Oe. 
Obviously the ideal way to study the effects of geomagnetism 
on living organisms would be to remove the organism from the earth's 
magnetic field. This cannot be done however, as the field cannot be 
turned off and we have no feasible way at present to remove 
the organism from the effects of the field. It is possible to 
shield specimens with an alloy which has a very high permeability 
at low field strength (Supermalloy, Mu-metal) or to compensate each 
of the three components of the field by fields produced by Hemholtz 
coil-pairs. Both of these methods bring the magnetic field down very 
close to zero, and are being used in some laboratories, however 
due to equipment limitations, the field intensity in this experiment 
was increased and the direction of the horizontal components changed 
by the use of bar magnets (Barnothy and Barnothy, 1974; Barnothy, 
1964; Mulay, 1964; Presman, 1970). 
In order to quantify the orientational responses of the 
rotifers to weak magnetic fields, several rotifers were placed in 
a small rubber corral which had been cemented to a petri dish. 
The container was filled to a depth of 2 mm with culture fluid, and 
the rotif ers were allowed to emerge from the corral through a 
narrow corridor with the point of exit centered on a polar coordinate 
grid. When the organism was 2 mm from the point of exit, its orien-
tation was recorded as the number of degrees (in ten degree increments) 
it had turned from straight ahead. This apparatus was set upon 
the platform of a stereoscopic microscope and illuminated from above 
(See figure 3)(Brown, 1962; Palmer, 1963). 
The experiment consisted of observing the orientational 
response of the rotifers in the naturally occuring magnetic field; 
an experimental field with the horizontal component opposite to that 
of the earth's field at a strength of approximately 18 Gauss at 
the point of exit from the tunnel; and an experimental field of 
approximately 18 Gauss with the North pole of the magnet directed 
East. The apparatus was oriented so that the rotifers were heading 
West as they emerged from the tunnel. The experimental fields 
were obtained by placing a 20.3 cm Alnico bar magnet on the same 
-___. - -- --. 
,.._._..., = 1 mm 
FIGURE 3 View from above of polar grid and 
corral. The dotted line represents the 
decreased corral size used for varying age 
groups. 
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level as the petri dish either parallel or perpendicular to the 
direction of the tunnel. The edge of the magnet was a distance of 
4.8 cm from the exit point of the tunnel. The strength of the 
magnetic field was.calculated by measuring the microvolts with a 
voltmeter and converting to gauss units with the equation ((19.187) 
X (mV)] + 10.355 = field in gauss (Segretti, unpublished). 
This experiment was carried out with rotifers from the 
mass cultures; one day old females, two day old females, three 
day old females and four day or older females obtained from the 
isolation cultures; and with animals from a mass valinomycin 
culture. 
23 
In Brown's analysis of his results several types of sta -
tistical methods were employed, including the use of 3-day moving 
means and 5-day moving means; scatterplots; correlation coefficients; 
and Chi-square tests. In this paper one scatterplot was executed, 
with each point representing the mean of approximately 15 rotifer 
paths. For other graphs, 3-day moving means were employed in order to 
disclose the trends about which the individual day data were varying 
and correlation coefficients were calculated for the studies done with 
mass cultures. A frequency analysis was also done for both the mass 
culture results and for the varying age groups. 
RESULTS 
Monthly Rhythm in West-Bound Rotifers 
The variation in the path of the West-directed rotifers 
between the hours of 9:30 a.m. and 1:00 p.m. were followed from 
November 18, 1976 to March 8, 1977. Data was obtained for 
mass cultures on a daily basis from November 18, 1976 to November 
30, 1976 and from February 28, 1977 to March 8, 1977. From 
December 2, 1976 to December 24, 1976; December 28, 1976 to 
December 30, 1976; January 17, 1977 to January 21, 1977 and 
from February 14, 1977 to February 28, 1977 data for mass cultures 
was obtained every other day. Data for mass cultures was also 
taken on January 25,26,27,31 and February 1, 1977. 
The intervals in January and February when no data was 
taken were due to the low number of animals, as the population 
of rotifers had declined for unknown reasons. A total of 2245 
rotifer paths from mass cultures were recorded with 743 paths 
in the earth's field alone noted; 751 in a field with the North 
pole of the magnet directed South; and 751 in a field with the 
North pole of the magnet directed East. 
Each day's sample consisted of either 15 rotifer paths 
or the number of rotifer paths obtained within 1/2 hour. The 
average time required to observe the path of a rotifer was 
1.4 minutes per rotifer for the controls, and 1.2 minutes per 
rotifer for the modified magnetic fields. Times ranged from .3 to 
2.9 minutes per rotifer. 
In Figure 4 are shown the mean paths in degrees plotted 
against the phase of the moon from November 18, 1976 to March 
8, 1977. The clear monthly cycle, with maximum clockwise turning 
noted at and several days after the new moon and minimum clockwise 
turning in evidence at and several days after the full moon is 
evidence for the animals in the earth's magnetic field only. 
Each point represents the mean of 8 to 17 rotifer paths. 
Response to the experimental fields mainfested itself 
in substantial alterations of the synodic monthly cycle. 
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When the same rotifers evincing the monthly cycle in the earth's field 
were made to orient in the East-West field, the monthly pattern 
was clearly abolished, although the range stayed the same. In 
the North-South field, a difference was noticeable, but the change 
was not as drastic as that in the East-West field, indicating that 
the organisms perceived both the change in strength and direction 
of the fields. 
From Table I, it is seen that the range and average of the 
mean paths of the rotifers were not significantly different from 
one another due to the large standard deviations (some of which 
were depicted in Figure 4). The frequency distribution of the rotifer 
paths under the varying conditions is listed in Table II and graphically 
depicted in Figure 5 where it can be seen that the frequencies are 
very similar, indicating that the applied magnetic fields altered 
the time in relation to the moon phases at which selected paths 
were taken rather than which paths were taken. It is clear from 
the frequency distribution that the rotifers did not orient in a random 
fashion, which would have resulted in a bell shaped curve peaking 
around zero degrees, but showed a tendency to turn towards the right 
(North) with the exc~ption of the smaller peak occurring for those 
turning to the extreme left (South). This secondary peak occurring 
at -90° accounts for the large standard deviation which was noted. 
Table III gives the mean deviation of the rotifer paths 
in the experimental fields from the control and the correlation 
coefficients with the resulting probability of occurrence. When 
P was greater than 10%, a dash was indicated. This data was reduced 
to mean monthly patterns for the 4 month period of the study. 
This was accomplished by placing each date in its proper relationship 
to new moon (NM) and full moon (FM). Three-day moving means were 
employed in these figures in part to compensate for the connnonly 
occurring disperson of dates comprising consecutive days in the 
month and to minimize response to day-to-day weather system fluctuations. 
The larger sample size also served to somewhat reduce the standard 
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TABLE I 
Rotifer Paths 
Date No Magnet E-W Magnet N-S Magnet 
Mean s Mean s Mean s 
Nov 18 29 65 31 66 27 67 
Nov 19 22 52 -1 43 5 50 
Nov 21 51 52 51 49 37 58 
Nov 22 7 51 33 54 43 50 
Nov 23 24 58 37 46 26 56 
Nov 24 36 48 3 47 21 45 
Nov 25 37 34 12 68 32 60 
Nov 26 25 48 -2 59 21 52 
Nov 27 8 69 43 54 59 35 
Nov 28 25 75 17 38 31 46 
Nov 29 22 76 -8 70 39 56 
Nov 30 4 76 37 59 5 79 
Dec 2 3 47 12 51 17 35 
Dec 4 8 62 1 67 26 61 
Dec 6 24 61 0 66 30 43 
Dec 8 6 55 26 49 23 48 
Dec 10 17 73 51 63 16 68 
Dec 12 1 89 17 58 12 41 
Dec 14 12 71 3 71 13 59 
Dec 16 2 56 16 61 -23 50 
Dec 18 5 76 1 72 1 65 
Dec 20 9 80 -21 56 32 59 
Dec 22 -6 65 39 55 8 47 
Dec 24 -9 70 10 75 20 69 
Dec 28 8 66 -5 66 7 47 
Dec 30 19 70 37 65 51 43 
Jan 3 10 70 -13 63 23 55 
Jan 17 26 53 17 73 48 47 
Jan 20 26 51 12 47 17 57 
Jan 21 30 45 31 50 27 50 
Jan 25 59 31 29 53 19 60 
Jan 26 29 51 23 72 32 54 
Jan 27 55 38 -6 46 -2 37 
Jan 31 15 35 23 52 52 50 
Feb 14 5 52 35 46 8 64 
Feb 16 32 52 46 56 19 60 
Feb 18 17 31 11 31 4 55 
Feb 20 -10 46 6 31 52 39 
Feb 22 27 48 41 39 48 58 
Feb 24 32 49 6 63 24 41 
Feb 26 34 75 43 68 49 55 
Feb 28 33 60 27 53 43 42 
Mar 1 -21 59 15 46 16 44 
Mar 2 34 49 23 48 26 19 
TABLE I CONTINUED 
Rotifer Paths 
Date No Magnet E-W Magnet 
Mean s Mean s 
Mar 3 8 85 51 42 
Mar 4 30 70 -4 65 
Nar 5 9 60 37 45 
Mar 6 47 46 11 54 
Mar 7 43 46 12 62 
Mar 8 49 52 48 49 
Range -21 to 59 Range -21 to 51 
Mean = 20 Mean =19 
Mean standard dev. Mean standard dev. 
=58 =56 
TABLE II 
Frequency of Individual Paths 
Degrees No Magnet E-W Magnet 
-90 81 69 
-80 12 14 
-70 13 19 
-60 14 17 
-50 18 24 
-40 28 19 
-30 18 20 
-20 20 17 
-10 28 43 
0 30 34 
10 30 40 
20 40 40 
30 52 40 
40 41 42 
50 52 31 
60 30 49 
70 78 57 
80 25 62 
90 133 126 
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N-S Magnet 
Mean s 
32 59 
11 61 
38 28 
40 40 
30 50 
52 48 
Range -23 to 52 
Mean =25 
Mean standard dev. 
=51 
N-S Magnet 
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TABLE III 
Mean Deviation from Control Relative to Moon Phase, Correlation Coefficients and P 
N-S Field E-W Field 
Nov-Dec b Deviatibon in Deg~ees (r,P) Dec-Jan Jan-Fe Fe -Mar Nov-Dec Dec-Jan Jan-Feb Feb-Mar 
-7 -12(-.06,-) 
-6 -25(-.02,-) 
-5 -14(-.41,-) 
-4 -10(.13,-) -4(-.03,-) 
-3 -10(.13,-) 10(-.24,-) 
-2 -16(.20,-) 23(-.19,-) 
-1 11(-.32,.10)18(-.18,-) 
NM 8(-.20,-) 14(.01,-) 
+l 8(-.20,-) 22(.12,-) 
+2 -6(-.26,.1-0)29(.06,-) 
2(.16,-) 30 (.26,-) 
3(-.29,-) 14(.03,-) 30(.26,-) 
-5(-.14,-) 5(-.17,-) -9(-.29,-) 22( .15,-) 
22(.11,-) -13(-.10,-) 10(.27,.001)-4(.19;-) -9(-2.9,-) 14C.21,-) 
22(.11,-) -13(-.10,-) 10(.27,.00]}17(.40,.10) -9(-.29,-) 4(.18,-) 
-9(-.23,-) -13(-.10,-) 11(.3,.001)-30(.22,-) -6(.44,-) -6(-.14,-) 
-6(.09,-) 24(-.16,-) 13(.10,.01) 7(.03,-) -6(.44,-) 5(-.24,-) 
-6(.09,-) 62(.16,-) 13(.10,.01) 45(.01,-) -6(.44,-) 16(.06,-) 
-3(.04,-) 42(.07,-) 2(-.02,-) 32(.13,-) 1(-.11,-) 15(.30,-) 
21(-.07,-) 45(-.17,-) 19(-.13,-) 14(.05,-) 
+3 -8(.15,-) 29(.06,-) -40(-.24,-) 
+4 14(.17,-) 1(.01,-) -19(-.28,-) 
+5 18(.07,-) -1(.01,-) -31(.08,-) 
+6 25(-.16,-) 16(-.28,-) -27(-.10,-) 
+7 8(-.11,-) 32(-.13,-) -57(.01,-) 
6(-.18,-) 27(0,-) 19(-.13,-) -30(.08,-) -6(-.10,-) 
-8(-.15,-) -4(.07,-) -13(-.13,-) -18(.02,-) -27(-.05,-) 
35(-.37,-) 1(.7,.001)-13(-.13,-) -32(-.08,-) -8(-.30,-) 
15(-.46,.05 4(.08,-) -34(-.12,-) 2(-.02,-) 9(-.20,-) 
8(.10,- 4(.08,-) 18(-.02,-) -61(-.05.-) 2(.34,.10) 
-7 9(-.15,-) 32(-.13,-) 
-6 8(-.12,-) 13(.02,-) 
-5 14(-.28,-) 13(.02,-) 
-4 16(.27,-) 13(.02,-) 
-3 18(.38,.05) 
-2 12(.10,-) 
-1 6(.10,-) 
FM 12(-.16,-) 
+l 17(-.08,-) 
+2 8(.08,-) 
+3 -1(.17,-) 
+4 5(.43,.10) 
+5 11(.28,-) 
+6 6(.13,-) 
+7 1(.02,-) 
24(-.21,-) 9(-.32,.05)18(-.02,-) 15(-.01,-) 
37(-.36,-) 13(.28,.10) 21(.22,-) -23(.42,-) 8(.12,-) ~(.36,.02) 
0(.55,.05) 18(-.27,.10 9(-.03,-) -23(.42,-) 3(.07,-) 23(-.04,-) 
0(.55,.05) -1 -.21,- 1(.35,-) -23(.42,-) 3(.07,-) -1(-.21,-) 
-37(.38,.05) 8(-.03,-) -7(.19,-) -2(-.33,-) 12(.26,-) 
1(.17,-) 15(-.05,-) -14(.04,-) 
3(.04,-) 24(0,-) -3(.06,-) 
-1(-.34,.10 -2(.32,-) -13(.37,.05) 
-5(.09,-) 20(.10,-) -1(.26,-) 
27(.18,-) 
34(.09,-) 
25(.01,-) 
16(-.02,-) 
3(-.09,-) 
-9(.02,-) 
I I 
deviation. These figures are graphically depicted in Figures 6 
and 7, where it can be seen that although the magnitude of the 
deviation is small, regularly occurring patterns are clearly evident 
with high degrees of significance in the North-South field occurring 
around the New Moon and from 8 days prior up until the Full Moon. 
In the East-West field high degrees of significance centered around 
the period 4 days prior to the full moon. The reproducibility is what 
provides the significance to this data. As was noted in Figure 
4, the deviation from the control path occurring in the North-
South field was considerable less than that occurring in the 
East-West field. 
Orientation Response ot Rotifers When Raised in Valinomycin 
From February 16, 1977 to March 8, 1977, data was taken 
relative to the orientation of 623 rotifers which had been 
maintained in culture media containing small amounts of valinomycin. 
Table IV and Figures 8,9, and 10 illustrate the mean paths of 
the rotifers which were raised in the valinomycin solution in 
comparison with rotifers which had been raised in the normal 
stock media. Three-day moving means are again employed in order 
to reduce the size of the influence of day-to-day variations in 
uncontrolled geophysical factors. It is clearly evident without 
recourse to statistical analysis, that the rotifers which had 
been raised in valinomycin reacted in essentially the same manner 
to the varying magnetic fields as the control rotifers did. The 
only noticeable difference occurred in the East-West magnetic 
field approximately 6 days after the new moon (NM), where the 
graphic representations of the mean paths of the 2 groups of 
rotifers present mirror images of each other. 
Table V presents the relative path distributions of the two 
groups, where again a marked similarity is apparent. These 
results would indicate that at the concentration used (1 X 10-6 
g/l), valinomycin does not affect the orientation response 
either to the earth's magnetic field or to an artifical magnetic 
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TABLE IV 
Deviation of Rotifer Paths When Raised in Valinomycin 
No magnet N-S field E-W field 
Date ontrol Valinomycin Control Valinomycin Control Valinomycin 
Feb 16 32 33 46 30 19 41 
Feb 17 24 33 28 29 12 36 
Feb 18 17 33 11 28 4 30 
Feb 19 4 14 8 22 28 34 -
Feb 20 -10 -5 6 16 52 39 
Feb 21 8 13 24 22 50 36 
Feb 22 27 32 41 27 48 33 
Feb 23 30 28 24 18 36 50 
Feb 24 32 25 6 10 24 66 
Feb 25 33 14 24 33 36 49 
Feb 26 34 3 43 56 49 32 
Feb 27 34 10 35 53 46 20 
Feb 28 6 4 21 35 30 27 
Mar 1 15 27 22 37 28 -·~. 22 
Mar 2 7 30 30 28 25 32 
Mar 3 24 9 30 33 23 26 
Mar 4 16 12 23 24 27 33 
Mar 5 29 9 15 21 30 25 
Mar 6 33 23 20 23 36 23 
Mar 7 46 32 24 36 41 27 
Mar 8 46 28 30 I 46 41 34 
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TABLE V 
Frequency of Individual Rotifer Paths When Raised in Valinomycin 
No magnet N-S field E-W field 
Degrees Control Valinomycin Control Valinomycin Control Valinomycin 
-90 21 12 11 8 12 10 
-80 3 3 2 5 5 5 
-70 4 5 1 1 2 3 
-60 6 3 4 2 7 4 
-50 3 3 2 9 3 3 
-40 6 10 4 3 8 7 
-30 5 5 8 5 6 3 
-20 5 9 8 7 7 9 
-10 6 10 11 3 9 8 
0 11 12 7 12 13 10 
10 5 12 13 5 11 7 
20 13 12 9 17 9 13 
30 16 18 18 17 15 16 
40 16 21 16 20 15 10 
50 11 12 12 17 9 9 
60 14 10 19 9 22 18 
70 20 16 13 15 15 22 
80 11 7 15 8 11 15 
90 ~~ 33 41 38 35 37 _, _, 
39 
field. 
Orientation Response of Varying Age Groups 
Table VI and Figures 11, 12 and 13 illustrate the mean paths 
(using three-day moving means) of 1 day old rotifers, 2 day old rotifers, 
3 day old rotifers and rotifers which were 4 days or older, taken 
in the earth's magnetic field; in the magnetic field in which the 
horizontal component was directed North-South and augmented; and 
in the 18 gauss field where the North pole of the magnet was directed 
East. A total of 292 paths of 1 day old rotifers was recorded, as 
well as 339 paths of 2 day old rot~fers, 296 paths of 3 day old 
rotifers and 269 4 day or older rotifers. The average time needed 
to observe the paths taken was 1.7 minutes per rotifer for 1 day 
old rotifers in a North-South magnetic field, 1.3 minutes per 
rotifer in the earth's magnetic field and 1.8 minutes per rotifer 
in the East-West field. For rotifers which were two days old, 1.4 
minutes per rotifer were required in the North-South field, 1.2 
minutes per rotifer in the absence of an applied field and 1.1 minutes 
per rotifer in the East-West field. An average of 1.1 minutes per 
rotifer were required for 3 day old rotifers in the North-South mag-
netic field, 1.0 minutes per rotifer for females in the earth's mag-
netic field and 1.1 minutes per rotifer in the field perpendicular 
to the earth's horizontal component. The oldest rotifers of 4 days 
or more took an average of 1.9 minutes per rotifer in the North-
South field, 2.0 minutes per rotifer in the control field and 1.8 
minutes per animal in the East-West field. It is apparent from these 
figures that in any given period of time, more 2 or three day old 
rotifers are likely to emerge from the corral and travel a minimum 
distance of 2 mm than the 1 day or 4 day animals. The studies 
done with mass cultures therefore probably reflected primarily 
two or three day females as a result. The most noticeable difference 
within an age group to the varying fields relative to time required, 
was for the youngest rotifers, where the time per rotifer required 
in the North-South field was .4 minutes longer than in the earth's 
magnetic field and was .5 minutes longer in the East-West field that 
in the field lacking a magnet. Differences for other age groups 
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TABLE VI 
Mean Rotifer Paths Relative to Moon Phase for Varying Ages 
1 Day 
~fo Magnet East-West Magnet North-South Magnet 
Dec Dec-Jan Feb Dec '.)ec-Jan Feb Dec Dec-Jan Feb 
25 48 55 21 
24 47 56 32 
28 46 43 -12 41 42 
32 62 30 1 50 35 
46 78 22 14 15 28 
60 61 13 43 -20 
45 44 8 72 -10 
30 54 2 72 0 
37 64 21 18 -1 52 
44 54 40 34 -2 42 
44 44 50 32 
32 66 29 
20 83 26 
30 64 62 18 10 
28 48 42 28 -6 
26 32 38 
28 47 28 
30 62 18 
48 54 12 
54 46 5 
60 24 28 
52 40 2 8 50 
38 46 12 
24 52 17 
22 24 8 
20 -4 -2 
32 -1 
44 2 
35 28 
.. 26 54 10 
2 D ay 
14 
35 38 32 
32 46 40 10 18 3 
28 39 42 14 4 15 
23 32 33 18 9 27 
28 24 24 24 14 
26 16 39 30 15 
33 37 54 40 16 
36 58 48 50 8 28 
40 58 42 44 0 35 
40 
-
DAY 
+3 
+4 
+5 
+6 
+7 
-7 
-6 
-5 
-4 
-3 
-2 
-1 
FM 
+1 
+2 
+3 
+4 
+5 
+6 
+7 
-7 
-6 
-5 
-4 
-3 
-2 
-1 
NM 
+l 
+2 
+3 
+4 
+5 
+6 
+7 
-7 
-6 
-5 
-4 
-3 
-2 
-1 
TABLE VI CONTINUED 
Mean Rotifer Paths Relative to Moon Phase for Varying Ages 
2 Day 
41 
No Magnet East-West Magnet North-South Magnet 
Dec Dec-Jan Feb Dec Dec-Jan Feb Dec Dec-Jan Feb 
58 38 42 
53 43 49 
48 48 56 -
50 50 3 41 25 50 
36 52 14 34 28 44 
22 26 32 
32 15 27 
43 4 22 
32 12 23 
22 20 24 
22 32 43 
13 22 18 44 22 62 
18 17 32 
22 16 41 
26 -1 26 
30 -18 10 
24 6 15 
18 30 20 
22 17 17 8 
26 4 -3 
3 D ay 
20 
-22 47 27 
-2 36 28 40 24 8 
17 42 10 35 22 -5 
18 48 9 30 26 -18 
20 29 8 12 30 
33 10 -6 33 
46 20 17 36 
22 30 49 40 43 2 
-2 33 58 13 50 1 
36 -14 0 
35 -5 9 
34 4 18 
22 39 5 22 38 12 
29 44 26 40 31 5 
36 48 24 
48 38 27 
60 28 30 
35 34 24 
10 40 18 
23 24 50 
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TABLE VI CONTINUED 
Mean Rotifer Paths Relative to Moon Phase for Varying Ages 
3 Day 
No Magnet East-West Magnet No~th-South Magnet 
DAY Dec bee-Jan Feb Dec Dec-Jan Feb Dec Dec-Jan Feb 
FM 23 24 43 
+l 23 24 43 
+2 23 24 36 
+3 24 21 25 
-
+4 26 18 14 
+5 26 10 12 
+6 
+7 
4+ Day 
-7 20 32 28 
-6 13 48 33 
-5 0 24 41 44 24 26 
-4 
-12 29 34 29 14 38 
-3 0 34 22 14 13 50 
-2 12 47 10 30 12 
-1 11 60 10 45 13 
NM 10 45 10 42 14 
+1 9 30 22 40 
-1 6 
+2 8 21 34 32 
-16 24 
+3 12 25 43 
+4 18 24 40 
+5 24 22 36 
+6 2 15 14 26 26 35 
+7 13 6 24 30 39 34 
-7 24 34 52 
-6 17 18 
-5 10 2 
-4 17 11 
-3 24 20 18 
-2 27 40 35 
-1 3 32 8 60 4 52 
FM 10 15 11 
+l 18 22 18 
+2 34 8 15 
+3 50 
-7 12 
+4 34 
-4 8 
+5 17 
-2 4 
+6 22 7 13 
+7 26 16 22 
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were on the order of .1 or .2 minutes per rotifer and did not 
appear to follow a definite pattern. 
The data which are tabulated in Table VI and appear in 
Figures 11,12 and 13 indicate the wide variance which was obtained 
within each age group and the lack of a definite pattern. It is 
apparent upon inspection of Figure 11 however, that the youngest 
age group tended to turn more to the right (North), while as the 
age increased the right-turning tendency steadily decreased. 
The most extreme variations within an age group seemed to 
occur for the older groups, while the two-day old group had the most 
limited range in its period variations. 
As can be seen from Figure 12, the application of an 18 
gauss field at right angles to the earth's horizontal component 
increased the range of variations for the 1 and two-day old females, 
while making very little apparent difference in the response of 
the 3 and 4 day or older organisms. The North-South field as 
shown in figure 12, however, decreases the right turning tendency 
of the one-day old rotifers and results in very similar ranges for 
all four age groups. The fluctuation is so great for these limited 
samples, that the determination of a regularly fluctuating pattern 
is not possible. 
Figure 14 and Table VII represent the mean deviations of 
each age group in the applied magnetic fields from the naturally 
occurring geomagnetic field, again using 3 day moving means. 
The most striking feature of Figure 14, is the similarity between 
the effect of the North-South field and that of the East-West field. 
Due to the large standard deviation, neither effect is statistically 
significant, however even within the small range of deviation, 
there do appear to be definite patterns. The similarity between 
the two fields, may be due in part, to the small amount of time 
allotted each sample to adjust to the magnetic fields, since 
the organisms were allowed only ten minutes at the most to adapt 
to each field, in contrast to the 15 minutes allotted for the 
mass samples which were studied. This was significant in view of 
the findings of Brown and Park (1965) that an after-effect is 
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TABLE VII 
Deviation of Rotifers in Magnetic Fields from Control by Age 
1 Day 
DATE E-W Field N-S Field 
12/5 
-12° 
-44° 
12/6 20 
-30° 
12/7 28° _70 
12/8 20 
-14° 
12/9 
-24° 
-22° 
12/10 
-33° 
12/11 
-42° 
12/12 _70 
12/13 28° 16° 
12/14 30° 12° 
12/15 32° 30 
12/16 15° 13° 
12/17 -20 18° 
12/18 
-24° 
-49° 
12/19 
-47° 
-80° 
12/20 
-38° 
-55° 
12/21 
-28° 
-30° 
12/22 
-16° 
-26° 
12/23 -40 
-22° 
12/27 34° 
-12° 
12/28 20° oo 
12/29 60 12° 
12/30 19° oo 
12/31 32° 
-12° 
1/1 15° 
-28° 
1/2 -20 
-43° 
1/3 
-30° 26° 
1/4 
-58° 
-10° 
2/13 
-60° -60 
2/14 
-46° 
-12° 
2/15 
-32° 
-18° 
2/16 
-19° 
2/17 -60 
2/18 
-15° 
2/19 
-26° 30 
2/20 14° 22° 
2/21 54° 36° 
2/22 46° 90 
2/23 39° 
-18° 
2/24 30° 22° 
2/25 22° 
-26° 
DATE 
12/5 
12/6 
12/7 
12/S 
12/9 
12/10 
12/11 
12/12 
12/13 
12/14 
12/15 
12/16 
12/17 
12/lS 
12/19 
12/20 
12/21 
12/22 
12/23 
12/27 
12/2S 
12/29 
12/30 
12/31 
1/1 
1/2 
1/3 
1/4 
2/13 
2/14 
2/15 
2/16 
2/17 
2/lS 
2/19 
2/20 
2/21 
2/22 
2/23 
2/24 
2/25 
TABLE VII CONTINUED 
Deviation of Rotifers in Magnetic Fields from Control by Age 
2 Day 
E-W Field 
50 
60 
60 
-210 
-4S 0 
-1S 0 
12° 
-50 
-22° 
-10° 
30 
so 
14° 
10° 
60 
14° 
21° 
12° 
20 
-47° 
-22° 
40 
-1S 0 
-39° 
-20° 
-20 
lo 
22° 
-36° 
-25° 
-14° 
oo 
14° 
30 
-80 
-14° 
-20° 
-10° 
oo 
_90 
-1S 0 
N-S Field 
90 
14° 
19° 
oo 
-20° 
_90 
20 
-14° 
-29° 
-16° 
30 
-14° 
-24° 
-14° 
_40 
-10° 
-17° 
-28° 
-40° 
-2"5° 
-80 
10° 
-60 
-21° 
-10° 
20 
21° 
40° 
-43° 
-24° 
_50 
-30° 
-23° 
-16° 
_40 
so 
oo 
-80 
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DATE 
12/5 
12/6 
12/7 
12/8 
12/9 
12/10 
12/11 
12/12 
12/13 
12/14 
12/15 
12/16 
12/17 
12/18 
12/19 
12/20 
12/21 
12/22 
12/23 
12/27 
12/28 
12/29 
12/30 
12/31 
1/1 
1/2 
2/13 
2/14 
2/15 
2/16 
2/17 
2/18 
2/19 
2/20 
2/21 
2/22 
2/23 
2/24 
2/25 
TABLE VII CONTINUED 
Deviation of Rotifers in Magnetic Fields from Control by Age 
3 Day 
E-W Field 
lo 
lo 
lo 
_40 
-80 
-12° 
-16° 
69° 
31° 
_70 
-10° 
-12° 
-28° 
-16° 
22° 
60° 
-17° 
-20 
12° 
-10° 
-32° 
-lo 
30° 
40 
_70 
-18° 
-17° 
-16° 
_30 
10° 
-20° 
-50° 
-40° 
-30° 
-17° 
_40 
N-S Field 
-27° 
_70 
13° 
oo 
-12° 
-13° 
-14° 
49° 
27° 
50 
30 
10° 
oo 
-10° 
21° 
52° 
16° 
20 
-12° 
-21° 
-30° 
-19° 
-80 
-28° 
-47° 
-66° 
-28° 
-32° 
-36° 
-26° 
-16° 
-28° 
-39° 
50 
DATE 
12/5 
12/6 
12/7 
12/8 
12/9 
12/10 
12/11 
12/12 
12/13 
12/14 
12/15 
12/16 
12/17 
12/18 
12/19 
12/20 
12/21 
12/22 
12/23 
12/27 
12/28 
12/29 
12/30 
12/31 
1/1 
1/2 
1/3 
1/4 
2/13 
2/14 
2/15 
2/16 
2/17 
2/18 
2/19 
2/20 
2/21 
2/22 
2/23 
2/24 
2/25 
TABLE VII CONTINUED 
Deviation of Rotifers in Magnetic Fields from Control by Age 
4 Day and Older 
E-W Field 
50 
40 
40 
-26° 
-57° 
-38° 
-19° 
-14° 
-100 
12° 
35° 
40° 
46° 
22° 
-20 
-lo 
oo 
13° 
26° 
12° 
11° 
10° 
lo 
...,30 
-60 
-40 
12° 
28° 
20 
90 
16° 
-24° 
40 
31° 
22° 
12° 
20° 
28° 
N-S Field 
lo 
oo 
oo 
-19° 
-38° 
-26° 
-13° 
-80 
-40 
30 
20° 
23° 
26° 
13° 
oo 
20 
40 
-10° 
-24° 
2"4"0 
37° 
50° 
-60 
70 
20° 
20 
90 
16° 
-24° 
40 
31° 
22° 
12° 
20° 
28° 
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present in planarians which have been exposed to a ma3netic field. 
It is clear from Figure 14, that the applied magnetic fields 
generally decreased the right turning tendency for the one day old 
rotifers; had very little effect on two day old rotifers, although 
decreasing the right turning tendency somewhat; increased the 
right turning tendency for three-day old rotifers during December 
and decreased the right turning tendency of the oldest age group, 
with the exception of the two weeks following the full moon in 
December. 
Figure 15 graphically depicts the frequency distributions for 
the varying age groups, which differ considerably from those observed 
for the mass samples. The primary peak centered around 50 to 60 
degrees for the one day old females; 40 to 50 degrees for the two 
day old animals and 30 to 40 degrees for the two oldest age groups. 
Although similar frequencies were noted for the varying experimental 
conditions, the primary peaks in the artificial magnetic fields 
tended to be flatter and to the left of those noted for the controls. 
The form of the graphs for three and four day or older rotifers 
was strikingly similar in contrast to those noted for the one and 
two day olds. This indicates that age is related to the relative 
orientation of rotifers, both in naturally occurring conditions 
and in artifical magnetic fields. 
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DISCUSSION 
A high degree of responsiveness to subtle geophysical 
parameters of the environment has been described over the past 
two decades, and the current studies confirm previous findings, 
with the relevant variations in the external environment being 
geoelectromagnetic fluctuations. It seems probable that the 
general phenomenon of organismic response to weak electromagnetic 
fields is widespread if not universal. It is apparent that the 
preceise reproducibility of results in time will be unlikely, 
due to the quantity and quality of the results being affected by 
uncontrolled factors within relatively predictable solar and lunar 
circadian cycles and monthly and annual rhythms as well as less 
predictable variations associated with movements of weather systems, 
and fluctuations in solar activity which may be expected to impose 
significant influences. 
If subtle . pervasive cues are used for spatial orientation, 
the organism must theoretically possess the ability to recognize the 
passage of temporal cycles in terms of systematically recurring 
fluctuations in these parameters. This would require a clock-
compass system with both parts using the same cues. 
In order to simplify the study of this problem, the nature 
of orientational tendencies in samples of a population restricted 
to a confined space was observed both in natural and experimental 
magnetic fields, and the spatial orientational characteristics 
were analyzed in terms of variations in time with reference ot 
relevant geophysical cycles. The findings are consistent with 
earlier demonstrations in other laboratories of organismic responsive-
ness to weak magnetic fields, in which organisms were used ranging 
from Paramecium (Brown, 1962) and Volvox (Palmer, 1963), through 
worms and snails (Brown, 1962, 1964, 1965, 1975) to insects and birds 
(Lindauer and Martin 1968; Wehner and Labhart, 1970; Keeton, 1971; 
Wiltscko and Wiltschko, 1972; Walcott and Green, 1973; cited by 
Brown and Chow, 1976). 
54 
Monthly patterns of turning in the laboratory magnetic field 
similar to those noted by Brown (1962) for planarians, with 
maximum right turning near the first quarter of the moon and maximum 
left turning just prior to the new moon, were noted. In the present 
study, the monthly pattern of orientation was abolished when the 
organisms were placed in 18 gauss magnetic fields. The monthly pattern 
in the earth's magnetic field was completely altered and shifted 
toward the right by the North-South directed field. Brown (1962) 
found that for planarians in a 4 Gauss field, the East-West field 
only partially suppressed the monthly cycles, while the North-South 
field completely destroyed it. The apparent confict between the 
effects of the fields which were directed similarly is due to the 
fact that the planarians used by Brown were directed North and 
the South pole of the magnet in the East-West field was pointed 
East; while the rotifers in this study were directed West and 
the South pole of the magnet in the East-West field was directed West. 
In both cases, the South pole of the magnet in the North-South 
field was directed North. The distinction, apparently, was not the 
geographic orientation of the magnetic field, but the orientation 
of the field with respect to the body axis of the organisms. In 
both cases, the greatest effect was noted with the field which 
was parallel to the body axis of the animals. This is consistent 
with Brown's theory that the character of the response to an 
increase in magnetic field is a function of the direction of the 
horizontal component of magnetism with relation to the long axis of 
the body. 
To be of significance under natural conditions, organisms 
should display responsivenss to magnetic field strengths which are 
of the order of magnitude of the earth's; so it would be expected 
that a receptor system would display little resolving power for 
fields which differed greatly in strength from the earth's. In 
order to be maximally adaptive, the organism would be expected to 
be capable of resolving differences in the compass direction of 
weak fields; and it was expected that the response would vary in 
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a manner typical of other oscillations relating to the biological 
clock. The small magnitude of the deviation in mean paths of 
rotifers in magnetic fields from those in the naturally occurring 
magnetic field alone, is consistent with Brown's (1962) findings 
that the response of Dugesia to horizontal magnetic fields changes 
character in passing from a field strength which is quite close to 
that of the earth to one of 10 gauss. Brown's findings indicated 
an optimal response at the strength which was very nearly the same 
as the earth's 
Even though the magnitude of the mean path deviation of rotifers 
in experimental fields from those in the earth's magnetic field 
alone was predictably small, a reproducible monthly pattern of 
deviations was clearly evident. There was a synodic monthly pattern 
of response to the altered magnetic fields, with the greater 
response being to the field which was parallel to the body axis of 
( 
the animals. Maximal turning responses occurred around the new 
moon with another significant peak near the full moon in the E-W 
field. The most significant response in the N-S field was displayed 
around the new moon. In addition, those figures which showed a 
significant amount of correlation either negatively or positively, 
occurred at similar times of the synodic month in a given field. 
This is consistent with Brown's hypothesis that the character of 
the response to an increased magnetic field is a function of the 
time of the synodic month. 
The absence of any alteration of the response to a magnetic 
field for rotifers which were maintained in a valinomycin culture, 
suggests that the mechanism for responding to subtle pervasive 
geophysical cues, such as electromagnetic fluctuations, may not 
be associated with membrane ion fluxes. The question, therefore, 
of how the fluctuations of atmospheric electromagnetism are perceived 
by cellular machinery which may in turn regulate molecular phenomena 
which participate in the biological clocks, is still unresolved. 
Perhaps the most interesting and potentially significant 
finding, is the apparent association between age and magnetic 
responsiveness. This is the first specific piece of experimental 
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evidence that such a relationship may actually exist. In the 
naturally occurring magnetic fields, the right-turning tendency 
appeared to be a function of age, with the youngest organisms showing 
the greatest effect. In responding to applied magnetic fields, 
the right-turning tendency of the youngest rotifers was suppressed 
the most, with very little effect being noted for the two and 
three day old rotifers, and an increase in the right turning 
tendency of the oldest age groups. The implications of these 
findings, both in terms of the basic mechanism of magnetic 
responsiveness and the process of aging are great. Since it 
has been found (Herold and Headows, 1970) that the number of 
lysosorne-like inclusion bodies and enzymatic activity in the 
rotifer Philodina increase markedly with age, as well as the 
proportion of free-to-bound ribosomes; possible future studies 
may link alterations in protein synthesis and/or cellular enzyme 
concentrations to organismic responsiveness to weak magnetic fields. 
In order to obtain maximal results, further studies along this 
vein, should probably be done in magnetic fields which ~re con-
siderable smaller (.5 - 5 Gauss) and with animals which can be 
directed phototactically or by other means, in order to minimize 
path variations. 
Conclusions 
1. The orientational tendencies of Asplanchna brightwelli 
vary in a time related fashion with respect to the synodic 
month. 
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2. Asplanchna brightwelli is capable of responding to 
quantitative as well as qualitative changes in the horizontal 
component of the surrounding magnetic field. 
3. This responsiveness is apparently not related to membrane 
associated ion fluxes. 
4. The orientational response is related in some way to 
the age of the organism. 
Sill~1ARY 
This study was undertaken with the intent of extending the 
known responsiveness of organisms to weak magnetic fields to the 
rotifer, Asplanchna brightwelli; to determine whether or not such a 
response is related to membrane associated ion fluxes; and to determine 
whether or not such a response is related to the age of the organism. 
The results indicated that at the strength of the applied 
magnetic field used (18 gauss), very little response was elicited, 
in keeping ~ith the premise that a response should be more apparent 
at field strengths which are close to that of the earth (.5 gauss). 
Although the response to the applied magnetic fields was minimal, 
a regularly occurring synodic monthly pattern was observed and found 
to be highly reproducible, in keeping with the patterns noted for 
other organisms. 
The rotifers which were maintained in valinomycin did not 
display any difference in their response to the applied magnetic 
fields or in their orientation in the earth's magnetic field, so 
that there is not evidence at the present time, that membrane 
generated ion fluxes play a role in the response of organisms to 
magnetic fields. 
The orientation response of the rotifers to the magnetic 
field did indeed seem to be age-related, as the youngest age 
group studied tended to turn clockwise from the path obtained 
without an applied field; the two and three day old rotifers tended 
to vary minimally, staying within 20° either direction of the 
control path; and the oldest age group tended to turn right of 
the mean control path. 
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